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The Long Duration Exposure Facility (LDEF) post-flight thermal model has been correlated to
space flight temperature data recorded by the Thermal Measurements System (THERM), LDEF
experiment P0003. The THERM experiment consisted of five copper-constantan thermocouples
(T/C's), one suspended radiometer, two thermistor reference measurements, and an electronic data
recording system. Total THERM system accuracy was designed to be within _+10°F for all
measurements taken over a range from -30°F to 170°F. The actual measurements ranged from a
low of 35°F to a maximum of 134°F for the T/C located on the longeron between row 6 and 7 at
experiment bay B3. Flight temperatures, recorded at intervals of approximately 112 minutes for
the first 390 days of LDEF's 2106 day mission were compared with predictions calculated by the
thermal mathematical model (TMM). This math model was unverified prior to flight. The post-
flight analysis has reduced the thermal model uncertainty from _40°F to __.18°F.
The LDEF was deployed on April 7, 1984 (12:26 EST) into a gravity gradient stabilized
attitude at a 28½ ° orbit inclination. Orbital beta angle ( 13 ) for the LDEF mission was ___52°. LDEF
altitude at deployment was 255NM and had fallen to 180 NM by the time of retrieval on January
12, 1990. Post-flight analysis indicated the LDEF had yawed 8 ° to 12" from row 9 towards row 8,
thus biasing the leading edge (velocity vector) towards row 10 rather than row 9 (Fig. 1). Wether
LDEF was yawed at deployment or sometime later in the mission is not known. For the post-
flight calculation of temperatures, a new set of orbital detailed heat fluxes were calculated for the
beta angle range of __.52° at 10 ° intervals for an average LDEF yaw angle of 10 °. A composite
daily averaged heat flux table for the first 390 days the LDEF mission was generated for all rows
using the new set of orbital heat fluxes and the daily beta angle history obtained from ground
tracking stations. The new set of daily averaged thermal fluxes were used for calculation of daily
averaged temperatures for direct comparison to flight data.
The external surface thermal properties, absorptivity ( a ) and emissivity ( e ) were measured
during the deintegration operations of the LDEF at the Kennedy Space Center (KSC). All external
structural surfaces, Earth and space end thermal panels, tray lips, and a limited number of
experiments were measured at exposed and unexposed areas. The measured ct/E values combined
with nominal material specifications were used to formulate the LDEF surface property conditions
that existed at the beginning of the mission, end of the first year (390 days), and end of the mission
(2106 days). Matching of the thermal model to flight data also enabled a better estimate of surface
optical property degradation, bolted joint conductances, and correction of thermal radiation
couplings from values used in the pre-flight model.
Results of the best fit thermal model are presented for all locations in the facility, including the
2, 3, and 4 equivalent node representations of the experiment trays. Results include temperatures
for the beginning-of-mission (BOM), end-of-mission (EOM), and detailed orbital temperatures
calculated for beta angles of -52 °, 0°,and +52 °. Thermal orbital average heat flux data for both the
BOM and the EOM as well as the per orbit heat flux from -52 ° to +52 ° in 10 ° increments have
been included in the appendices A and B. Also included in this report is a comparison of
measured temperatures vs. calculated values for locations where temperature sensors were located
on the LDEF structure.
INTRODUCTION
The LDEF thermal math model description is presented in this report. The purpose of this
report is to provide the LDEF principal investigators with a complete set of thermal boundary
conditions (incidence heat flux and the temperature of the structure surrounding the tray) to use as
input into their detailed thermal math models of their experiments.
The LDEF was developed by the Office of Aeronautics And Space Technology (OAST) and
Langley Research Center (LaRC) to provide a shuttle-launched low cost accommodation for
relatively simple experiments. These experiments would require long duration exposure to space
environment (approx. 1 year). Many experiments are completely passive, depending entirely on
post-flight laboratory investigations for the results.
LDEF DESCRIPTION
The LDEF is a reusable 12-sided cylindrical bolted assembly structure 14 ft. in diameter and
30 ft. in length (Fig. 2) with an empty weight of 8,500 lbs. 6061-T6 aluminum extrusions are the
main components used for construction of the bolted and welded LDEF structure. The periphery
will hold up to 72 equally sized rectangular (34 inches by 50 inches) trays and the end structures
will hold another 14 smaller trays. Interchangeable LDEF trays of 3 inches, 6 inches, and 12
inches in depth (Figures 3 - 7) are mounted on the external surfaces for accommodating
experiments. Each tray can accommodate one or more self-contained experiments of up to 180
pounds in weight. The flight configuration for this mission (Ref. 1) included 86 trays with a total
of 57 experiments for a combined total weight of over 21,000 lbs.
Mission History
The LDEF was deployed on April 7, 1984 during the Challenger mission STS-41C. While
the planned mission duration was for one year, the actual retrieval of the facility did not occur
until January 12, 1990 with the Columbia flight STS-32. This resulted in a mission duration of
approximately 5¾ years (2106 days). Active flight temperature data for the LDEF facility were
recorded by the THERM experiment P0003 for the first 390 days (13 months) of the LDEF
mission (Ref. 2).
Standard LDEF Identification
The thermal analysis uses the standard LDEF conventions for identification of facility
locations (Fig. 1). The LDEF location identifying convention is as follows:
1. The 12-sided polygon is assigned incremental row numbers in a clockwise direction as
observed from the Earth end. The keel fitting is located at the center ring row 6, thus it is
located at the bottom of the clock position. While in orbit, Row 3 is the trailing edge of
the facility and row 9 is referred as the leading edge of the facility. Once LDEF is in free
flight, row 6 points towards the south pole and row 12 points towards the north pole.
2. The 6 peripheral experiment bays are identified alphabetically from A to F. The "A" bay is
adjacent to the Earth and bay "F" is adjacent to the space end as shown Figure 1.
3. The Earth facing end has been assigned a G identifier
(i.e. G-2, G-n, G-6).
4. The space facing end has been assigned an H identifier
(i.e. H-l, H-3, H5).
5. Structural components are identified relative to adjacent bays, examples are:
a. Intercostal AB1 (Between Bays A and B, Row 1)
b. Longeron ABC1-2 (Between Bays A, B, and C, Rows 1-2)
c. Center Ring CD1 (Between Bays C and D, Row 1)
Thermal Control
The thermal control of the LDEF was totally passive by design, thus relying on internal radiation
heat transfer, heat conduction paths, and the external surface coatings (a/e) for facility temperature
control (Fig. 8). All interior structure and tray surfaces were coated with Chemglaze Z306 high
emissivity black paint (e=0.90) to minimize any circumferential thermal gradients and to
maximize the heat transfer across the facility. In addition, radiation blockage was decreased by
minimizing the number of structural components inside the spacecraft. To minimize conduction
heat transfer from the structure, the experiment trays were attached to the LDEF structure by eight
2"× 5" aluminum clamps along the tray perimeter (Fig. 9). The tray mounting scheme minimizes
the contact conduction area through which heat can be transferred between the facility and the
experiment trays.
The LDEF experiment and tray thermal boundary condition design limits are shown in Table 1.
The LDEF internal average temperature was required to be maintained between 10°F and 120°F
for the flight. This was accomplished by careful selection and placement of the experiment trays
with their wide range of thermal control coatings. The various tray types were uniformly
distributedover the surface of the facility to equalize the thermal properties. The distribution of
the exterior surface coatings was such that over 50% of the thermal control surface area was
provided by the chromic anodized coatings on the facility's aluminum structure, tray flanges, and
debris panels (Space Debris Experiment S0001,- 24 trays, ct/e=0.32/0.16). The external surface
ct/e for each of the tray flanges and debris panels were left undefined until the experiment
selection was complete. Once the tray thermal control coatings were known, the surface et/e for
the tray lips and debris panels were selected to maintain the facility temperature within the thermal
design requirements.
The LDEF structure and all experiment trays were closed to prevent solar heat flux from
entering the interior. Venting holes were distributed uniformly around the facility, this venting
area was approximately 0.15% of total external surface area. The thermal model accounts for the
venting holes by radiatively coupling the LDEF interior to the space environment.
THERMAL MODEL
Thermal Analyzer Computer Programs
The programs used for the calculation of the LDEF incident heat fluxes and temperatures
were the Thermal Radiation Analysis System II (TRASYS II, Ref 3) and the System
Improved Numerical Differencing Analyzer (SINDA, Ref 4). SINDA calculates temperatures
by solving lumped parameter representations of physical problems governed by diffusion-type
equations. Parameters include thermal mass, surface (a/e) properties and thermal conductance
and radiation couplings. All linear conductors for the structure and experiment trays were
calculated by hand. Over 20,000 computer generated internal radiation couplings were
reduced to a manageable size by lumping the very small values into an internal dummy node
(233) and then adjusting the remaining values to assure that the sum of the view factors is
equal to one for each internal surface. Other detailed radiation couplings between isolated
surfaces were generated by hand. The TRASYS II program was used to calculate the solar,
albedo, and infrared incidence radiation heat fluxes.
Thermal Model Description and Assumptions
The original thermal model (Ref. 5) was created prior to the LDEF deployment and was
restricted by program and computer capabilities to less than 300 nodes. The post-flight analysis
has grown to 327 nodes in order to improve the mathematical model and facilitate comparison to
the THERM experiment temperatures. Most experiment trays were described by a 2 node lumped
parameter model with one external node representing the experiment and one internal node for the
tray. The external facing tray mounting flanges were included in the internal node and therefore
this node was connected directly to the space environment. The more complicated experiments
were described by 3 and 4 node models with more than one external surface node.
The two, three,andfournodeexperimentmodelswerecreatedby takingadetailedthermal
model for eachexperimentwhichcouldbeup to 80nodesin sizeandthenreducingthisdetailed
model intoa two,three,or four noderepresentationwith acomparableenergybalanceand
equivalentct/Esurfaceproperties(Fig. 10,Ref. 6). Figure 11showshow theexperimenttray
nodesarearrangedin relationto thestructurenodesin thethermalmodel.
Theintercostalandlongeronsweregroupedinto 24 longeronnodes.Theintercostalswere
dividedinto two halves,with eachhalf assignedto theadjacentlongeron. Although theintercostal
is boltedto the longeron,theysawa uniformenvironmentandwereconsideredisothermal.The
centerring wasdivided into 12equalpartswith eachpartattachedto adjacentlongeronnodes.
Separatenodeswereusedfor theendof the longeronsto takeinto accountthetemperature
differencesthatexistsbetweentheendsandsidesof theLDEF structure.Tray/structurethermal
interfaceandthermalgeometryrepresentationsarepresentedin Figures12and 13.
Boltedjoints wereassumedto haveaconductionareaequalto 25%of thetotaljoint surface
contactarea.A thermalconductance(K) valueof 7.4Btu/hr-in-°Fwasusedfor the6061-T6
aluminumstructure.View factorvaluesof 0.12,0.76,and 1.0wereusedto coupleall earthend,
siderow,andspaceendexperimentsto space.TheEarthwascoupledto LDEF with view factors
of 0.88for theearthendand0.24for thesiderow experiments.Thespaceendexperimentswere
notcoupledto the Earth. The temperature values presented in this report for the tray/experiment
(T/E) equivalent nodes only represents an average for that tray location. To obtain more accurate
experiment component temperatures the Principal Investigators must rely on their own detailed
thermal model using the LDEF interior average temperature (dummy node 233) and temperature
of the structure surrounding the experiment tray from the LDEF thermal model as the boundary
conditions for their thermal models.
A complete nodal breakdown of the LDEF thermal model is presented in Figures 14-28. The
nodes are laid out by rings (A - F) with row 12 at the top and rows 1 - 11 going in the clockwise
direction around the ring. Trays located on rings A and F are surrounded by four structure nodes
while trays located on rings B and E have only two structure nodes. Trays on rings C and D are
surrounded by three nodes the same two nodes as B and E and a center ring node.
ORBITAL ENVIRONMENT
Beta Angle and Attitude
The LDEF was deployed into a gravity gradient stabilized attitude at an orbit inclination of
281A° to the equatorial plane. The gravity gradient orbit allows the LDEF to maintain a specific
leading (row 9) and trailing (row 3) edge and also allows the experiments in rows 11, 12, 1 to the
north or rows 4,5,6 to the south, face the sun or space for extended periods of time. The
minimum/maximum orbital beta angle (13) for the LDEF mission ranged from +52 ° to -52 °. The
diagram shown in Figure 29 defines the 13as the angle between the plane of the orbit and the sun
illumination vector.
Dueto thesymmetryof thespacecraft,thenorth (row 12)andsouth(row 6) sidesexperienced
themaximumworstcasedaytimesunexposureat theextremesof the15anglerange. Row6
experiencesmaximumincidenceheatflux at a15of-52 °, while row 12receivesthemaximumat a
15of +52°. Rows3 and9experiencea maximumflux at approximately15equalto +10° andthe
minimumflux at 15equalto+52° or -52°. Shown in Table 2 are the LDEF row numbers and the 15
angle at which they experience their maximum and minimum exposure to the solar incidence flux.
Further inspection of the LDEF after it was returned to Earth revealed that the leading edge
velocity vector was yawed approximately 8 ° - 12 ° towards row 10.
Orbital ground tracking data was obtained from the Johnson Space Center for the complete
LDEF mission. The beta angle history from April 7 1984 to January 20 1990 for the LDEF is
shown in Figure 30 with the individual years given in Figures 31 - 36. The beta angles used in the
thermal analysis for the first year are shown in Figure 31 and for the EOM in Figure 36. LDEF
was placed in orbit at a perigee altitude of 255 NM and had fallen to 180 NM when the facility
was retrieved on January 12, 1990. A complete altitude history for the LDEF mission is presented
on Figure 37.
Incident Heat Fluxes
The heat flux calculations for the facility were updated with actual solar constant values as
measured by earth orbiting observatories (Ref. 7, 8). The average solar constant, planetary
infrared, and albedo values used in this analysis are presented in Table 3. The updated incident
thermal fluxes were calculated using the TRASYS II computer code and entered as input to the
SINDA thermal analyzer. The incident fluxes were converted into absorbed fluxes when the
SINDA program was executed. Transient fluxes were calculated for an orbit beta angle range
between +52 ° and -52 ° in 10 ° increments. Incident heat flux calculations were based on a yaw of
10 ° for the LDEF facility. All heat fluxes presented in this report are the row incidence flux
which means the form factor for each row are built into the flux for that row. The principal
investigator need only to account for surface ct/e properties when using these fluxes in their
thermal analyses.
Appendix A contains plots and tables of the transient heat flux data for each 10 ° increment
calculated. From the range of transient fluxes calculated above, two composite daily average heat
flux tables were developed for the first and last years of the mission using the beta angles shown in
Figures 31 and 36. Thus input fluxes for both steady-state and transient thermal models were
generated. Given in Appendix B are the plots and tables for the first year daily average fluxes
versus mission elapsed time (MET) for each row on the LDEF. The steady-state model is used to
predict the daily average temperature for the spacecraft over the first and last years of the mission
while the transient model is used to predict orbital day/night temperature cycles. The cases
analyzed with the transient and daily averaged thermal fluxes are presented in the Appendices C -
E and include:
BOM daily averaged temperatures (Appendix C) for 13 months (390 days), including
seasonal and daily change of orbital beta angles. Fluxes were calculated following orbital
ground tracking data (Fig. 31) during the first year of the LDEF mission.
EOM daily averagedtemperatures (Appendix D) for 13 months (390 days), including
seasonal and daily change of orbital 13's. Fluxes were calculated following orbital ground
tracking data (Fig. 36) during the last year of the LDEF mission.
- Day/night temperature cycling for orbit I_ equal to +52 °, -52 °, and 0 ° (Appendix E).
DATA
Flight Temperatures
The flight temperature data for the LDEF were obtained from the THERM system experiment
P0003 (Ref. 2). The THERM experiment consisted of five copper-constantan thermocouples
(T/C), one suspended radiometer, two thermistor reference measurements, an electronic scanning
system, one 7.5-V battery, and an interface harness with the Low Temperature Heat Pipe
Experiment Package (HEPP). The THERM data was recorded on dedicated channels of the shared
experiment power and data system (EPDS) tape recorder in the HEPP experiment. The design
objectives for the THERM experiment were as follows:
- To significantly reduce the uncertainty of_+40 ° for the LDEF structural temperature values
calculated with the pre-flight thermal model.
- Provide an approximate indication of the LDEF attitude in flight.
The THERM hardware was located at selected areas of the LDEF interior in order to maximize
the thermal environment characterization with a limited number of measurements (Fig. 38). Two
thermistors measured the THERM electronic junction temperatures and were used for system
calibration (thermistors #2 and #8). A measurement of the LDEF interior temperature average
was made by suspending a radiometer with a T/C at the center of the LDEF interior (T/C #4). The
radiometer was radiatively coupled to all of the interior surfaces, thus providing an average
temperature of all interior surfaces. T/C #1 was located on the center structure to provide a
backup temperature value to the radiometer. The center structure is a massive aluminum part that
carries the main load of the spacecraft during the deployment and retrieval operations and is
radiatively coupled to most of the internal surfaces. T/C #3 was located on top of the magnetic
viscous damper thermal radiation shield. This T/C was thermally insulated from the dome and
was used to measure the thermal environment around the viscous damper. But because T/C was
mounted between two mylar disks and then taped to the damper dome, the T/C was thermally
isolated from the environment it was trying to measure, therefore authors have very low
confidence in the data taken at this location. Furthermore the temperature measurements at this
location showed the largest difference from the calculated values.
The structural temperatures were characterized by the remaining three T/C's. T/C #5 was
mounted on a structural member located on row 6 of the facility. This area was parallel to the
orbit plane and experienced incident thermal flux environments that varied widely, depending on
theorbital [3. For [3'sfrom 0° to +52° this side of the facility did not see direct solar incident
thermal flux (albedo only). For negative [3's from 0 ° to -52 °, the solar flux occurs for the full
orbital daylight period with the -52 ° [3 being the maximum solar flux exposure for this row. This
T/C also helped validate LDEF's in-flight attitude. T/C #6 was located on the space end structure
near row 12 to provide space end mounted experiments with representative boundary
temperatures. The space end location had the maximum radiative coupling to space and no
incident planetary or albedo thermal fluxes. The last temperature measurement, T/C #7, was
located on the earth end structure near row six in order to measure the night/day (N/D)
temperature cycling on that end with maximum radiative coupling to the planet.
The raw and daily average flight data for the eight thermocouples are plotted and tabulated
versus mission elapsed time (MET) in Appendix F. Flight temperatures were recorded at eight
internal locations for the first 390 days of the mission at intervals of approximately every 112
minutes. Total system accuracy was designed to be within +10°F for all measurements over the
range -30 ° to +170°F. The actual recorded temperatures for all seven locations ranged from a
minimum of 35°F to a maximum of 134°F at the longeron 6-7 location (T/C #5). The recorded
temperatures were used to verify the pre-flight thermal model calculated temperatures and to
calibrate the post-flight thermal model temperature predictions.
Surface Coatings
Upon return of the LDEF to the Spacecraft Assembly and Encapsulation Facility 2 (SAEF 2)
at the Kennedy Space Center (KSC), Florida, the external structural surface thermal properties
were measured after removal of the experiment trays (Ref. 9). Surface thermal properties on all
longerons, intercostals, and tray lips were measured. Several tray surfaces and a limited quantity
of experiment surfaces were also measured. Surfaces measured included aluminum (bare, clear,
and black chrome anodized), silvered Teflon films, and paints. As seen in the surface distribution
chart (Fig. 39), the largest external surface material on the LDEF was aluminum with a range of
anodized surface finishes. The anodized aluminum was chosen as the main thermal control
coating for the LDEF facility because of the ease in which the ot/E thermo-optical properties could
be varied by the variable chromic anodizing process (Fig. 40) developed by R. J. Ducket and C.S.
Gilliand of the Langley Research Center (Ref. 10,11).
For correlation of space exposure effects, surfaces that were blocked from direct space
exposure by other hardware (i.e. tray lips & clamps) were measured and compared to exposed
surfaces. A large sampling of the anodized aluminum was obtained by direct measurement for all
of the LDEF periphery. Unexposed surfaces showed ot/e values close to the nominal new surfaces,
while the exposed surfaces showed several degrees of degradation depending on their location on
the LDEF. The delta between the exposed and unexposed surface coatings were used to estimate
the coating degradation. These deltas were applied to the nominal (new) surface-optical properties
at the beginning of the mission to approximate the degradation that took place during the first year
of flight. The direct measured surface ct/e values were also used for calculating the EOM in-flight
LDEF temperatures. Table 4 gives the surface optical properties used for the first and last years of
the LDEF mission temperature analysis.
Contamination
Values obtained from the measurement of the thermo-optical properties for the LDEF external
surfaces indicated the presence of contamination on the thermal control coatings. The effects of
the contaminant layer on the LDEF clear anodized aluminum surfaces appeared stronger at
locations opposite to the LDEF velocity vector, while the surfaces on the velocity vector showed
the least amount of degradation from the nominal thermo-optical properties. The degraded ct/e
values used for the surface coatings were those measured during the LDEF disassembly. As the
bulk of the outgassing contamination occurred during the beginning of the LDEF mission, it was
assumed that the leading edge (Row 9) coatings had the same contamination effects as the trailing
edge (Row 3). This assessment is consistent with results from the experiment S0010. The
experiment S0010 included an Experiment Exposure Control Canister (EECC), located on the
leading edge of the LDEF. The EECC opened shortly after deployment and closed after 10
months in orbit as programmed. The opening of the EECC by the principal investigator showed
the hardware inside the canister to have contamination similar to that of the trailing edge of the
facility, although the post-flight leading edge exposed surfaces' ct/_ showed less effects from
contamination than those on the trailing edge. The ct& difference between the leading and trailing
edge can be attributed to the cleaning effect occurring on the leading edge surfaces exposed to
atomic oxygen (AO) impinging flux. The amount of AO rises sharply at lower orbit altitudes and
also with increased solar activity such as experienced by the LDEF during the last year of the
mission. The post-flight end of mission thermal analysis takes into account the effects of this
varying contamination on the external surfaces by using the measured _t/e values taken directly
from the facility at disassembly
RESULTS and RECOMMENDATIONS
Shown in Figures 41 - 47 are the comparisons of THERM system temperature sensors to the
post-flight thermal model. The flight data shown in each plot are the daily average temperatures
for that location. Data scans were taken 12 - 13 times a day and the data for each day were
averaged into one temperature for that day. This allowed a direct comparison to be made against
the steady-state thermal model temperature calculations.
A direct comparison of calculated versus measured values was done for each sensor location.
The locations with the smallest model error were at the center ring, reference thermistor, and the
space end which all had a standard deviation (30) of +9 °F. The earth end and the row 6 longeron
had the next lowest deviation of +12 °F. The radiometer had the second largest 3c_ T/C error of
+15 °F. A maximum uncertainty between the calculated and measured values of _+18°F was
obtained at the damper dome location. The curves also show the maximum calculated temperature
uncertainties occurred toward the end of the thermal analysis. The LDEF TMM assumed fully
degraded a/e values by the end of the 390 days of the THERM data period. It is likely that the
fully degraded surface property values were achieved after the THERM ceased operation, thus the
diversion between the calculated and measured temperatures as seen at the end of the data period
on all data figures. As the contamination effects were highly variable during the course of the first
part of the LDEF mission, it was difficult to extrapolate the degradation curve for the affected
coatings. A longer operation of the THERM system into the second year of the LDEF mission
would have enabled an improved characterization of the contamination effects and a better
agreement between the calculated and measured temperatures towards the end of the data period.
The 3o uncertainties (Table 5) are no greater than +18°F for any of the THERM temperature
sensorlocations,thus achieving the desired reduction of calculated temperature uncertainties to
under +20°F. Given in Table 6 are the temperature range comparisons between the design limits,
measured temperatures, and the post-flight calculated temperatures for the T/C locations.
The maximum and minimum per orbit temperatures achieved for the extreme beta angle cases
+52 °, -52 °, and 0 ° along with the nodal temperature limits indexed by node number are
summarized in Table 7. Table 8 summarizes the maximum and minimum daily average
temperature results obtained for the first and last 390 days of the LDEF mission. Appendix A
contains the orbital thermal heat flux data for each row from -52 ° to +52 ° in 10 ° increments. The
daily average heat flux for the first year of flight versus MET for each row are given in Appendix
B. Appendices C and D contain the daily average temperatures versus MET for the first and last
390 days. Given in Appendix E are the per orbit transient temperature profiles versus orbit time
for the extreme beta angle cases of __.52° and 0 °.
T/E nodes are 2, 3, or 4 node lumped parameter representations of detailed experiment thermal
models of up to 80 nodes, describing in some cases very complex hardware configurations. Listed
temperatures for the T/E nodes should not be construed as actual component temperatures. In
order to obtain T/E component temperatures, the detailed thermal models have to be updated with
the temperature and incidence heat flux boundary conditions presented in this report.
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Structure Temperature -10 150
Internal Average Temperature 10 120
Space End Structure 30 135
Temperature
Earth End Structure 10 135
Temperature
Internal Emissivity .90
Solar Radiation: 408 - 451 Btu/Hr-fl 2
Albedo: 30-45 %
Earth Radiation: 72.9 - 77.4 Btu/Hr-ft 2
Space Sink Temperature: 0°R
.90














EE - Earth end, SE - space end
Table 3. LDEF Updated Thermal Environment for Post-Flight
Analysis.
Solar Radiation: 434 Btu/Hr-fl 2
Albedo: 31%
Earth Radiation: 77 Btu/Hr-fl 2
Space Sink Temperature: 0°R
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Table 5. Calculated Thermal Model Uncertainty.
Measurement Uncertainty











































































































Allowable Beta Angle Beta Angle
Temperature Limits 52° 0°




-100.0 250.0 98.4 114.8 60.6 68.8 69.3 72.5
-50.0 142.0 76.4 80.6 59.8 63.4 67.2 68.4
- 16.0 147.0 77.6 81.1 73.6 78.3 81.1 83.9
-50.0 142.0 61.9 63.6 61.8 66.0 81.0 85.2
-100.0 250.0 56.7 59.2 64.0 88.6 111.2 150.3
-100.0 250.0 57.0 59.6 58.3 68.5 121.9 157.2
-100.0 250.0 60.6 63.0 61.0 66.6 104.5 119.3
-100.0 250.0 31.0 35.0 40.5 82.5 69.8 129.5
- 1.0 149.0 61.4 62.6 63.4 66.7 78.8 81.2
-50.0 142.0 70.6 73.4 60.6 63.7 70.0 71.2
-100.0 250.0 107.4 124.4 72.8 83.2 74.3 76.3
-100.0 250.0 107.2 137.2 58.7 66.3 66.0 69.1
-100.0 250.0 106.0 141.0 56.8 71.6 64.5 67.2
-100.0 250.0 89.2 128.6 64.0 93.7 65.6 68.4
-18.0 154.0 83.5 86.4 75.4 78.8 84.1 86.2
-19.0 155.0 66.7 68.3 64.9 69.1 84.2 88.6
-50.0 142.0 56.7 57.4 52.3 55.1 82.4 86.8
-100.0 250.0 55.1 57.4 52.4 61.6 115.1 153.6
-50.0 142.0 55.6 56.3 50.5 51.7 86.6 90.2
-22.0 185.0 50.2 52.2 59.7 74.7 93.3 115.4
- 14.0 153.0 61.9 63.2 63.1 66.7 78.0 80.9
-8.0 140.0 74.6 76.9 62.6 65.2 72.7 73.5
-100.0 250.0 89.4 125.5 59.0 82.6 64.6 67.2
-18.0 150.0 94.8 98.0 57.7 58.6 71.0 71.8
-250.0 228.0 104.3 128.1 46.5 55.8 50.3 52.0
-15.0 145.0 89.8 94.3 65.3 68.6 64.5 65.4
-16.0 150.0 74.2 78.1 67,6 72.4 75.5 78.5
-1130.0 250.0 62.3 72.7 65.4 100.4 84.2 121.2
-50.0 142.0 55.3 55.9 51.4 54.0 80.2 84.2
-50.0 142.0 53.5 54.1 47.8 49.0 88.2 91.9
-100.0 250.0 54.2 56.2 54.5 67.4 109.1 145,3
-50.0 142.0 35.8 36.4 35.3 38.6 61.0 65.8
-16.0 150.0 64.7 66.4 67.4 71.9 82.5 86.1
-250.0 228.0 70.7 92.9 58.5 80.9 59.1 65.4
-50.0 142.0 72.5 75.7 51.8 53.8 62.7 63.5
-70.0 180.0 89.5 98.9 39.7 41.9 49.8 51.1
-50.0 142.0 73.2 76.7 47.6 49.3 59.0 59.7
-50.0 200.0 75.2 112.4 54.2 82.5 52.6 55.0
-12.0 157.0 62.9 68.5 60.6 67.4 65.6 69.4
3.0 139.0 55.3 56.2 62.3 64.8 80.3 83.1
- 50.0 142.0 49.4 50.1 50.6 53.2 79.3 83.4
-10.0 148.0 50.0 51.5 53.9 60.0 116.8 143.4
-50.0 142.0 48.7 49.3 48.5 49.6 83.9 87.3
3.0 139.0 49.6 50.0 58.8 60.6 87.5 90.4
-12.0 157.0 54.6 57.2 60.2 66.5 74.0 79.2
-19.0 155.0 71.5 74.9 63.7 67.1 70.3 71.1
-50.0 142.0 67.8 71.0 50.3 52.2 59.9 60.7
-19.0 153.0 103.2 119.3 42.1 45.3 48.4 49.8
-100.0 250.0 97.0 131.6 52.4 67.1 56.9 59.7
-50.0 142.0 62.7 66.9 51.9 55.0 59.5 60.5
24





















































Allowable Beta Angle Beta Angle
Temperature Limits 52° 0°




-5.0 150.0 66.4 69.7 66.9 70.9 69.9 72.3
- 100.0 250.0 54.3 65.4 62.8 99.2 79.5 118.2
-100.0 150.0 36.8 38.4 52.0 61.0 95.7 111.1
-53.0 144.0 35.4 36.8 40.8 43.3 103.7 112.3
-100.0 250.0 46.2 48.9 52.9 67.0 106.1 145.9
-50.0 250.0 53.2 55.0 62.9 68.3 90.3 98.7
-5.0 138.0 54.8 56.6 63.1 67.0 76.2 79.4
-50.0 142.0 58.6 61.4 53.8 56.5 62.2 62.9
-100.0 250.0 80.6 116.9 55.5 78.9 57.2 59.8
- 12.0 142.0 44.3 51.6 13.7 15.6 21.5 22.8
-100.0 250.0 103.0 139.1 58.6 75.1 57.3 60.8
0.0 90.0 62.9 66.9 52.4 55.6 52.2 53.0
-100.0 250.0 66.0 97.6 70.1 110.9 70.5 91.4
-50.0 142.0 51.2 53.3 60.8 65.7 73.8 78.7
-100.0 250.0 44.4 47.8 62,8 90.0 104.7 147.1
- 16.0 142.0 4.2 12.7 12.7 34.7 48.9 102.6
-100.0 250.0 40.7 44.0 55.0 67.9 106.1 143.4
-2.0 138.0 37.9 38.7 58.3 61.1 84.9 89.2
-14.0 150.0 62.9 66.5 70.1 77.7 80.6 86.0
-100.0 250.0 71.4 102.7 69.0 102.2 67.1 76.6
-100.0 250.0 88.1 124.4 65.6 88.5 60.5 64.0
-1.0 112.0 88.8 92.7 68.3 71.0 71.1 72.9
-100.0 250.0 65,9 69.2 68.8 76.4 96.9 102.1
- 10.0 143.0 56.3 57.3 55.2 56.8 79.5 81.6
- 100.0 250.0 70,1 73.2 71.8 78.2 96.0 99.9
- 150.0 300.0 73.0 74.2 63.9 65.4 79.8 81.0
-10.0 150.0 80.0 81.9 64.8 67.2 73.4 74.8
-22.0 185.0 72.0 75.0 57.9 62.2 66.4 68.9
-4.0 104.0 81.3 83.4 64.2 66.8 71.7 73.5
-13.0 154.0 73.3 86.2 82.6 103.1 72.1 84.4
-10.0 146.0 48.8 52,3 70.3 76.4 81.0 85.4
-8.0 142.0 17.0 20.7 37.0 45.4 45.5 51.0
-100.0 250.0 61.9 82.1 80.9 115.6 87.7 109.1
-8.0 142.0 24.2 28.3 40.1 48.8 40.2 45.5
-50.0 200.0 69.4 95.3 89.1 135.3 83.9 112.6
-39.0 123.0 62.8 63.3 72.8 73.7 75.1 75.7
-39.0 123.0 68.4 69.0 71.3 72.4 68.0 68.7
28.0 196.0 73.9 76.0 67.8 69.1 68.5 69.4
°125.0 250.0 -70.0 245.0 -99.1 97.5 -109.1 -71.0
-100.0 54.0 -51.6 4.0 -60.6 -11.5 -57.8 -54.6
-50.0 150.0 58.6 66.5 63.5 75.3 56.1 62.0
-100.0 54.0 -60.0 -40.7 -59.5 -1.5 -50.5 0.6
-100.0 250.0 56.2 59.5 63.3 96.6 110.6 160.4
-100.0 250.0 56.9 60.4 56.9 70.4 117.7 165.3
-125.0 250.0 -109.0 -87.5 -97.0 32.4 -47.1 197.7
-90.0 245.0 30.3 34.3 39.7 82.7 68.9 130.2
-100.0 250.0 -36.8 -25.9 -23.3 13.8 -16.9 13.1
-100.0 54.0 -56.1 -7.0 -60.7 -5.9 -56.4 -37.9
-100.0 250.0 109.8 141.9 73.0 94.3 72.9 74.6
-100.0 250.0 103.8 142.3 57.1 66.9 65.9 69.7
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Allowable Beta Angle Beta Angle
Temperature Limits 52° 0 °




-100.0 250.0 103.9 152.1 56.4 76.7 64.7 68.3
-100.0 250.0 88.1 139.6 63.9 104.8 65.2 68.9
-25.0 230.0 118.8 152.5 128.4 170.7 86.9 107.5
-90.0 214.0 -67.8 -26.7 -37.8 97.2 -30.1 107.7
-100.0 54.0 -62.7 -59.7 -64.3 -21.3 -48.9 9.6
-100.0 250.0 54.8 57.8 51.1 63.4 112.0 164.1
-100.0 54.0 -63.2 -60.2 -65.6 -42.1 -47.8 7.7
-22.0 194.0 29.6 33.1 44.9 104.8 80.2 165.2
-68.0 111.0 -6.8 10.0 25.8 62.8 27.2 58.5
-117.0 124.0 -45.0 -14.2 -48.9 -14.9 -67.3 -56.8
-100.0 250.0 87.1 134.4 57.5 89.3 64.2 67.5
-96.0 185.0 79.4 122.4 -45.2 -35.3 -63.9 -61.5
-150.0 250.0 100.2 136.3 40.2 54.0 43.4 45.7
38.0 173.0 106.7 118.6 71.1 80.1 51.8 52.6
-47.0 181.0 49.0 83.6 55.7 97.0 32.5 54.3
-100.0 250.0 61.8 76.1 64.6 113.9 82.4 132.4
-100.0 54.0 -63.4 -60.4 -64.7 -21.7 -50.1 8.7
-100.0 54.0 -64.2 -61.2 -66.7 -52.7 -46.8 6.5
-100.0 250.0 54.3 57.1 53.0 70.9 106.1 155.1
- 100.0 54.0 -7.9 -6.8 -8.2 11.2 9.1 32.8
-47.0 181.0 23.0 44.7 59.8 106.2 61.7 101.1
-150.0 250.0 63.7 96.3 51.4 84.5 51.2 60.8
-100.0 54.0 -54.9 2.2 -64.9 -24.6 -59.9 -56.8
-68.0 143.0 37.1 112.6 -28.1 -10.3 -28.0 -23.7
-100.0 54.0 -53.7 2.2 -66.6 -41.7 -61.7 -58.5
-100.0 250.0 75.7 116.7 54.1 85.3 51.9 54.4
-93.0 245.0 17.6 75.6 21.4 93.7 3.6 38.7
-100.0 250.0 -37.4 -23.4 -6.0 44.7 6.2 58.8
-100.0 54.0 -66.1 -63.0 -65.1 -22.0 -50.5 8.5
-100.0 250.0 48.9 50.5 53.3 60.7 117.8 152.5
-100.0 54.0 -66.4 -63.3 -66.5 -42.9 -49.1 6.8
-100.0 250.0 -54.6 -52.0 -16.0 24.7 20.6 79.2
-93.0 145.0 -5.5 27.4 16.1 86.0 19.8 79.0
-90.0 214.0 -41.9 85.6 -48.8 81.4 -72.1 -28.5
-100.0 54.0 -57.0 0.6 -65.6 -25.1 -61.2 -58.1
-40.0 181.0 102.8 125.7 39.3 44.6 45.2 46.5
-100.0 250.0 94.8 142.0 51.8 71.8 57.0 60.6
-100.0 54.0 -57.9 -0.5 -64.4 -14.4 -61.4 -58.1
-196.0 225.0 35.9 86.7 42.4 105.4 17.7 48.3
- 100.0 250.0 53.9 68.8 62.1 11.2.8 77.8 129.4
-99.0 150.0 21.5 22.8 41.7 59.9 93.7 123.5
-56.0 177.0 -3.7 -1.5 6.8 17.3 98.8 150.4
-100.0 250.0 46.1 49.6 51.6 71.0 103.7 157.5
- 100.0 311.0 40.2 40.8 62.0 75.1 97.1 116.1
-87.0 194.0 -6.2 39.0 13.2 101.1 16.6 91.8
-100.0 54.0 -61.7 -11.2 -63.9 -8.2 -60.2 -40.5
-100.0 250.0 77.5 125.1 53.6 85.1 56.4 59.8
-11313.0 94.0 19.8 42.4 -8.4 -3.3 -2.5 -1.4
-100.0 250.0 101.1 150.6 57.6 79.8 56.7 61.1
-50.0 100.0 -36.1 9.8 -42.1 -2.2 -42.6 -40.0
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Allowable Beta Angle Beta Angle
Temperature Limits 52° 0°




-100.0 250.0 65.2 106.7 69.7 125.4 70.0 97.6
-100.0 54.0 -64.9 -44.9 -59.9 -1.7 -53.8 -1.7
-100.0 250.0 43.9 48.3 62.4 99.6 105.2 160.3
- 100.0 100.0 - 10.4 -3.7 -1.7 21.8 34.3 104.4
-100.0 250.0 40.0 44.2 53.2 70.8 103.1 152.4
-69.0 178.0 -52.5 -49.4 -23.9 41.1 2.7 90.5
-100.0 100.0 -105.1 -102.5 -71.2 -63.3 -75.4 -68.9
-100.0 250.0 68.9 110.1 66.9 111.7 66.0 79.3
- 100.0 250.0 85.8 133.3 63.9 95.1 60.0 64.4
-50.0 150.0 21.1 106.9 -55.5 -34.4 -69.5 -64.3
10.0 130.0 105.8 113.0 57.3 59.3 65.7 66.7
10.0 130.0 101.4 110.2 62.9 67.8 66.2 67.2
10.0 130.0 87.4 94.8 70.4 77.4 73.0 75.2
10.0 130.0 71.3 75.1 70.8 77.8 85.4 91.1
10.0 130.0 63.9 65.2 66.5 72.5 94.4 102.2
10.0 130.0 57.5 58.1 58.7 62.3 114.0 122.7
10.0 130.0 59.0 59.7 58.9 60.6 118.8 127.1
10.0 130.0 53.8 54.5 60.0 64.0 103.5 111.5
10.0 130.0 58.4 59.5 64.2 70.0 88.1 94.8
10.0 130.0 71.2 75.3 66.7 72.7 76.6 79.9
10.0 130.0 88.3 95.0 66.5 71.9 69.6 70.4
10.0 130.0 100.3 107.3 60.4 63.5 67.6 68.5
10.0 130.0 122.9 131.5 68.7 71.9 71.0 72.1
10.0 130.0 106.9 115.2 68.8 73.7 69.6 70.3
10.0 130.0 94.7 102.9 80.1 88.1 78.7 81.2
10.0 130.0 77.8 82.2 82.0 90.1 94.5 100.7
10.0 130.0 62.7 64.1 74.7 81.4 113.6 122.8
10.0 130.0 60.8 61.8 71.7 76.9 135.5 145.8
10.0 130.0 61.0 62.0 69.2 71.7 135.9 144.7
10.0 130.0 53.0 53.9 67.0 72.5 114.6 124.9
10.0 130.0 56.9 58.6 73.0 81.5 101.7 112.0
10.0 130.0 80.8 86.4 79.4 87.2 85.7 90.1
10.0 130.0 105.5 113.1 76.8 82.7 73.9 74.9
10.0 130.0 123.7 131.9 74.3 78.3 72.5 73.6
10.0 130.0 110.0 121.0 72.8 80.5 64.7 69.0
10.0 130.0 95.7 106.4 67.5 74.3 61.0 62.6
10.0 130.0 76.5 88.6 75.8 89.6 69.3 75.5
10.0 130.0 68.2 76.5 82.3 96.3 82.8 92.9
10.0 130.0 52.7 55.1 76.1 84.9 104.2 115.4
10.0 130.0 42.6 47.1 67.3 77.3 113.0 126.7
10.0 130.0 39.8 44.2 62.6 70.6 116.7 129.3
10.0 130.0 43.4 44.9 66.6 71.2 108.3 117.8
10.0 130.0 55.7 60.3 74.9 84.9 89.7 98.6
10.0 130.0 73.8 81.6 81.8 93.7 79.8 86.1
10.0 130.0 93.6 104.3 81.4 89.8 69.3 71.0
10.0 130.0 104.7 113.9 78.2 85.1 66.5 70.5
30.0 120.0 71.7 72.8 63.0 64.9 78.5 79.7
30.0 120.0 87.3 90.8 67.1 70.1 74.3 75.7
30.0 120.0 69.5 71.2 71.8 75.8 98.1 102.3
30.0 120.0 65.0 66.5 69.1 72.8 100.4 104.4
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Allowable Beta Angle Beta Angle
Temperature Limits 52 ° 0°
Tmin.°F Tmax-°F Tmin-°F Tmax.°F Tmin-°F Tmax.OF
Beta Angle
Tmin-°F Tmax-*F
30.0 120.0 85.5 88.5 68.2 71.7 76.1 77.7
-100.0 300.0 100.2 140.7 95.5 156.9 101.0 139.2
-100.0 300.0 70.7 129.9 71.1 171.5 115.6 212.9
-100.0 300.0 69.2 131.2 64.9 175.9 82.5 157.8
-100.0 300.0 101.6 189.8 68.7 176.1 80.1 141.9
30.0 115.0 67.2 72.9 83.4 93.4 80.6 86.9
30.0 115.0 79.2 84.8 74.4 83.1 72.1 77.4
30.0 115.0 59.8 65.0 78.1 87.4 87.0 93.5
30.0 115.0 46.8 51.2 67.5 75.6 83.6 89.6
30.0 115.0 75.9 81.1 80.5 88.3 72.9 77.4
-100.0 300.0 48.5 127.6 53.5 180.4 56.8 138.8
-100.0 300.0 25.7 110.2 41.0 173.6 72.9 163.3
-100.0 300.0 43.0 126.8 51.8 186.4 61.2 148.1
-100.0 300.0 68.5 153.8 53.2 180.9 51.5 134.0
20.0 120.0 79.4 80.9 63.1 64.4 75.7 76.9
20.0 120.0 68.1 69.3 64.2 65.8 87.3 89.1
20.0 120.0 65.4 66.6 62.5 64.2 89.4 91.4
20.0 120.0 75.6 76.9 63.0 64.5 77.4 78.6
10.0 130.0 109.8 116.5 58.9 61.8 62.1 62.6
10.0 130.0 93.6 101.6 67.2 73.2 65.9 66.5
10.0 130.0 74.1 75.6 68.8 71.0 75.1 76.6
10.0 130.0 64.2 66.3 71.9 78.9 94.0 101.5
10.0 130.0 58.2 58.6 66.6 71.4 111.6 119.2
10.0 130.0 55.7 56.0 63.0 64.0 126.9 130.1
10.0 130.0 55.7 56.1 62.0 64.5 121.8 129.4
10.0 130.0 54.9 55.4 64.8 70.0 100.7 108.3
10.0 130.0 63.6 64.5 68.0 69.8 83.4 84.8
10.0 130.0 81.5 87.6 69.6 76.1 71.8 73.1
10.0 130.0 97.5 104.6 64.6 69.1 66.5 67.0
10.0 130.0 108.4 114.3 55.0 56.2 61.3 61.7
25.0 105.0 69.8 82.9 62.5 78.7 79.6 93.3
20.0 110.0 71.9 72.6 66.8 67.9 83.5 84.3
20.0 110.0 72.4 72.4 69.7 69.9 84.3 84.4
0.0 120.0 74.6 74.9 64.9 65.5 84.4 84.9
0.0 130.0 65.5 66.5 62.7 64.2 90.2 92.0
-100.0 150.0 57.1 59.0 48.7 51.4 48.7 51.7
-100.0 150.0 38.3 41.9 46.9 50.7 61.8 65.6
10.0 130.0 99.0 105.8 53.1 54.8 57.6 58.4
10.0 130.0 90.4 98.9 58.8 63.5 59.8 60.6
10.0 130.0 72.1 79.2 64.8 71.6 66.7 69.0
10.0 130.0 63.8 67.9 68.9 76.2 79.0 84.8
10.0 130.0 52.3 53.7 64.0 69.7 92.4 100.1
10.0 130.0 45.3 46.2 55.1 58.6 107.1 115.0
10.0 130.0 46.5 47.3 54.2 56.1 113.2 121.5
10.0 130.0 50.3 51.1 60.8 64.4 101.8 109.2
10.0 130.0 54.9 56.0 65.1 70.1 86.5 92.2
10.0 130.0 67.6 71.6 67.7 73.5 74.7 77.9
10.0 130.0 82.3 89.4 65.9 71.3 65.9 66.6
10.0 130.0 92.3 99.7 56.1 59.3 57.9 58.7
2.0 82.0 59.4 61.9 48.9 53.6 46.4 48.8
28
Table 7. Calculated Min/Max Orbital Temperatures. (Cont.)
Allowable Beta Angle Beta Angle Beta Angle
Node Temperature Limits 52 ° 0° -52 °



















































-100.0 250.0 66.5 73.9 68.2 83.5 95.7 106.6
-100.0 91.0 24.6 25.3 26.3 27.6 39.7 40.4
- 1130.0 250.0 70.6 77.9 71.3 85.1 95.4 105.1
-100.0 250.0 62.6 76.1 54.9 79.4 72.6 89.0
-100.0 250.0 69.7 70.9 63.0 65.7 77.0 78.6
- 100.0 250.0 63.5 75.9 54.5 76.8 69.9 85.5
-1130.0 200.0 23.6 30.9 23.7 36.8 19.5 26.5
-150.0 217.0 55.9 61.6 44.7 54.9 50.9 56.5
-62.0 147.0 -33.4 -18.3 15.4 42.0 -27.5 -11.3
-150.0 467.0 50.9 115.3 71.2 179.5 52.0 119.4
-100.0 250.0 1.9 74.2 35.4 153.7 13.1 87.0
-100.0 99.0 -4.1 10.0 15.7 46.3 22.3 40.1
-100.0 250.0 62.5 106.2 79.7 152.3 87.9 133.2
-100.0 99.0 2.5 16.5 19.3 50.0 18.2 36.5
-100.0 200.0 69.5 96.1 89.5 137.1 84.1 113.6
-44.0 78.0 -68.3 -44.2 -35.4 12.3 -58.7 -30.6
-44.0 78.0 -66.6 -42.5 -35.7 12.0 -60.7 -32.7
-20.0 130.0 54.7 55.2 65.6 70.4 129.2 132.4
-66.0 268.0 160.7 202.3 48.4 64.3 31.3 33.4
-66.0 268.0 58.7 60.5 60.4 65.3 106.3 123.9
-150.0 250.0 -129.4 124.3 -130.7 174.7 -130.3 72.2
-100.0 250.0 86.1 154.9 25.1 50.5 24.7 27.9
-100.0 250.0 46.1 105.7 35.5 96.2 32.8 51.6
- 150.0 262.0 65.5 108.6 22.5 54.2 -25.7 -23.5
-91.0 249.0 74.6 113.8 53.0 82.6 50.7 53.0
- 150.0 350.0 64.2 97.9 41.2 65.5 35.2 36.8
- 150.0 234.0 -92.7 -90.8 -58.6 -49.2 99.7 146.7
-74.0 326.0 106.1 137.0 31.1 37.7 34.5 35.9
-95.0 241.0 98.8 151.5 13.1 25.3 12.4 15.3
-100.0 250.0 35.1 53.9 71.1 101.9 56.0 75.0
-20.0 181.0 67.9 73.3 56.1 65.7 62.0 67.2
-100.0 250.0 44.1 48.0 37.1 44.1 39.7 43.5
- 150.0 467.0 27.8 43.3 18.0 49.0 14.2 36.5
-100.0 150.0 3.4 14.9 14.0 41.2 26.5 55.9
-100.0 150.0 70.0 70.9 52.0 53.0 70.3 71.6
- 100.0 150.0 75.3 76.3 57.8 58.9 77.9 78.8
-100.0 150.0 5.9 22.9 -2.8 26.0 -8.2 12.4
- 100.0 150.0 35.4 38.9 18.0 20.5 18.6 22.9
-100.0 150.0 71.2 72.5 52.5 53.8 73.7 74.7
- 100.0 150.0 -12.3 -0.1 -10.3 16.4 1.7 30.7
- 100.0 150.0 18.8 23.3 14.8 18.5 32.3 36.2
-100.0 300.0 105.2 333.2 64.5 194.4 69.6 97.6
-100.0 300.0 97.3 322.4 74.0 286.0 75.6 95.4
-100.0 300.0 92.2 237.7 88.4 289.9 93.8 195.6
-100.0 300.0 73.0 164.9 75.4 318.7 89.2 306.4
- 100.0 300.0 60.3 86.9 68.1 262.2 116.9 350.4
-100.0 300.0 67.2 110.3 69.8 175.0 122.0 318.8
-100.0 300.0 59.0 85.4 64.3 167.5 113.4 332.9
-100.0 300.0 57.0 87.7 61.5 259.5 86.3 324.2
-100.0 300.0 67.7 168.6 65.7 257.1 83.3 237.2
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Allowable Beta Angle Beta Angle
Temperature Limits 52 ° 0°




-100.0 300.0 70.2 281.9 63.2 292.4 74.2 164.1
-100.0 300.0 112.5 379.8 68.8 267.9 68.5 98.3
-100.0 300.0 100.8 268.9 67.5 148.7 76.5 118.2
-100.0 300.0 84.9 172.6 59.2 111.2 55.3 74.2
-100.0 300.0 72.3 159.4 60.4 144.9 57.4 76.0
-100.0 300.0 55.0 132.3 61.6 173.7 60.8 123.9
-100.0 300.0 51.5 88.2 65.6 162.0 76.6 159.3
-100.0 300.0 39.9 57.8 59.2 133.6 93.0 184.7
-100.0 300.0 29.5 71.4 49.2 124.5 90.8 183.6
-100.0 300.0 35.5 53.6 54.5 88.0 92.5 172.9
-100.0 300.0 42.3 61.4 58.4 118.0 79.8 155.2
-100.0 300.0 49.3 91.8 60.2 135.0 67.2 122.5
-100.0 300.0 65.9 133.4 65.7 141.1 64.2 89.5
-100.0 300.0 72.7 173.0 61.2 130.2 , 55.0 79.1
-100.0 300.0 82.5 166.8 61.1 127.1 53.4 95.2
30.0 120.0 51.3 52.0 81.0 81.2 71.6 71.6
30.0 120.0 50.5 50.8 75.0 75.1 93.7 93.9
30.0 120.0 50.4 50.6 72.3 72.4 94.5 94.7
30.0 120.0 51.3 52.0 82.6 82.7 74.8 74.8
30.0 120.0 51.2 51.8 82.8 82.9 72.3 72.3
30.0 120.0 50.3 50.4 73.3 73.4 87.6 87.7
30.0 120.0 50.1 50.2 69.5 69.6 89.0 89.2
30.0 120.0 51.1 51.6 83.0 83.1 75.4 75.4
10.0 130.0 55.1 57.4 52.4 61.6 115.1 153.6
30.0 120.0 65.9 69.2 68.8 76.4 96.9 102.1
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Temperature Limits 4/7/84 - 5/13/85




-100.0 250.0 48.10 109.40 58.00 115.30
-50.0 142.0 48.70 86.90 59.90 90.50
-16.0 145'.0 62.80 92.70 77.10 93.50
-50.0 142.0 52.20 85.50 64.70 83.80
- 100.0 250.0 52.40 127.70 62.00 124.60
-100.0 250.0 45.20 140.80 56.80 139.00
- 100.0 250.0 48.70 115.20 60.00 111.80
- 1130.0 250.0 33.50 104.10 45.00 103.70
-1.0 149.0 52.80 83.20 65.00 80.00
-50.0 142.0 50.60 82.50 61.10 82.70
- 100.0 250.0 61.20 120.80 67.80 127.30
-100.0 250.0 45.00 129.50 55.80 139.00
-100.0 250.0 43.80 124.00 51.40 132.40
-100.0 250.0 57.80 112.20 61.90 116.80
- 18.0 154.0 63.60 95.60 75.20 95.50
- 19.0 155.0 54.50 88.20 65.30 84.50
-50.0 142.0 40.70 85.70 50.90 81.90
- 100.0 250.0 38.70 135.80 49.10 128.80
-50.0 142.0 37.90 90.10 48.10 85.50
-22.0 185.0 48.40 107.20 58.90 104.70
- 14.0 153.0 52.90 81.60 64.20 78.80
-8.0 140.0 50.50 85.40 60.40 84.80
-100.0 250.0 52.40 114.20 58.60 121.40
-18.0 150.0 42.60 101.40 52.40 105.00
-250.0 228.0 32.50 113.90 38.60 122.80
-15.0 145.0 50.40 99.00 58.40 101.90
-16.0 150.0 58.20 89.10 69.80 87.90
-1130.0 250.0 63.50 101.20 73.20 96.70
-50.0 142.0 39.50 83.30 49.40 79.80
-50.0 142.0 34.80 91.30 43.90 86.00
-100.0 250.0 41.40 133.20 50.00 126.90
-50.0 142.0 24.40 65.30 33.70 61.40
-16.0 150.0 57.30 87.00 67.60 82.10
-250.0 228.0 56.30 91.40 59.20 89.50
-50.0 I42.0 38.90 80.90 48.40 83.00
-70.0 180.0 24.40 96.80 34.10 103.20
-50.0 142.0 33.20 81.30 41.80 81.30
-50.0 200.0 46.50 97.10 49.40 99.80
-12.0 157.0 51.10 78.20 61.70 75.20
3.0 139.0 49.30 83.40 58.40 78.10
-50.0 142.0 37.50 82.40 46.60 78.30
-10.0 148.0 37.70 131.00 44.70 123.20
-50.0 142.0 34.30 87.20 42.70 80.80
3.0 139.0 43.70 90.60 51.70 83.90
-12.0 157.0 51.20 79.30 60.50 74.50
-19.0 155.0 51.30 84.30 61.00 81.60
-50.0 142.0 36.70 77.40 44.90 75.40
-19.0 153.0 25.60 112.30 27.40 109.60
- 100.0 250.0 38.30 116.40 45.20 123.00
-50.0 142.0 38.60 74.20 46.90 71.20
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Allowable First Year End of Mission
Temperature Limits 4/7/84 - 5/13/85 12/20/88 - 1/12/90
Tmin-W Tmax-°F Tmin-°F Tmax-°F Tmin-°F Tmax.eF
-5.0 150.0 55.10 81.10 65.80 77.00
-100.0 250.0 58.50 97.10 64.30 91.20
-100.0 150.0 33.20 102.90 41.50 99.70
-53.0 144.0 24.10 108.10 32.70 104.90
- 100.0 250.0 37.70 132.30 46.30 125.50
-50.0 250.0 48.90 96.40 57.10 89.40
-5.0 138.0 54.00 79.80 59.90 73.90
-50.0 142.0 41.40 71.60 50.60 67.60
- 100.0 250,0 47.40 107.40 50.70 108.20
-12.0 142.0 -0.50 56.20 9.20 60.40
-100.0 250.0 44.40 124.00 49.70 123.90
0.0 90.0 38.80 74.90 46.50 71.30
-100.0 250.0 69,90 95.60 75.10 88.00
-50.0 142,0 48.20 77.90 58.60 74.00
-100.0 250.0 43.90 122.60 52.60 119.60
-16.0 142.0 3.80 81.20 14.60 86.80
-100.0 250.0 37.80 130.90 47.20 128.40
-2.0 138.0 37.30 88.90 44.50 83.30
-14.0 150.0 59.70 86.10 68.40 79.40
- 100.0 250.0 67.50 102.10 69.20 97.00
- 1(30.0 250.0 57.10 116.30 53.60 113.10
-1.0 112.0 52.40 100.70 61.70 98.10
-100.0 250.0 58.70 100.90 72.40 100.30
-10.0 143.0 44,50 81.80 54.20 78.70
-100.0 250,0 61.50 99.40 75.90 99.00
-150.0 300,0 52.60 82.50 63.90 84.20
-10.0 150.0 53.30 88.90 64.40 91.50
-22.0 185.0 48.30 80.90 59.10 83.70
-4.0 104.0 53.80 88.90 62.40 89.70
-13.0 154.0 77.10 99.40 77.60 94.80
-10.0 146.0 52.80 85.70 59.80 81.80
-8.0 142.0 19.20 50.40 30.60 47.30
- 100.0 250.0 73.70 103.30 87.20 104.80
-8.0 142.0 23.60 48.40 40.10 44.10
-50.0 200.0 83.30 113.10 91.90 100.70
-39.0 123.0 57.60 79.90 70.00 73.30
-39.0 123.0 54.40 84.30 64.20 77.70
28.0 196.0 59.60 85.80 67.00 82.10
-125.0 250.0 -92.10 155.20 -91.60 164.70
- 100.0 54.0 -56.60 -26.40 -57.20 -22.40
-50.0 150.0 49.70 80.30 61.10 80.70
-100.0 54.0 -53.40 -31.10 -48.80 -31.70
-100.0 250.0 52.30 130.70 62.20 128.30
-100.0 250.0 44.90 144.00 56.50 142.90
- 125.0 250.0 -98.80 122.90 -97.40 122.20
-90.0 245.0 32.90 104.10 44.30 103.80
-100.0 250.0 -31.00 0.50 - 15.30 1.50
-100.0 54.0 -50.30 -32.20 -50.60 -32.10
-100.0 250.0 64.00 130.70 66.80 139.20
- 100.0 250.0 44.60 132.50 55.90 143.60
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Allowable First Year End of Mission
Temperature Limits 4/7/84- 5/13/85 12/20/88 - 1/12/90
Tmin-°F Tmax-OF Tmin-°F Tmax-°F Tmin-°F Tmax-°F
-100.0 250.0 44.40 129.00 51.90 139.10
- 100.0 250.0 59.80 115.60 62.70 121.00
-25.0 230.0 98.60 156.30 99,20 158.00
-90.0 214.0 -50.50 30.80 -47.00 31.70
-100.0 54.0 -64.60 -20.60 -60.30 -22.10
-100.0 250.0 38.10 141.00 48,70 133.10
-100.0 54.0 -68,50 - 13.20 -64.10 -14.90
-22.0 194,0 32.60 126.20 40,80 125.50
-68.0 111.0 3.90 50.30 12,00 50.40
-117.0 124.0 -60.50 -19.10 -61.00 -18.90
-100.0 250.0 53.80 118.10 58.50 126.80
-96.0 185.0 -64,70 1.04.60 -64.30 118.00
-150.0 250.0 27.70 115.90 31.60 122.60
38,0 173.0 51,40 117.80 49.50 125.40
-47.0 181.0 47.40 91.20 51,10 96.50
-100.0 250.0 65.70 103.90 74.60 99.70
-100.0 54.0 -65,20 -21.60 -61.10 -22.90
-100.0 54.0 -70,70 - 11.40 -66.60 - 13.40
-100.0 250.0 41.30 138.60 50.10 133.80
- 100.0 54.0 - 12.30 20.40 -5.80 17.90
-47.0 181.0 36.20 90.80 51.20 95.50
- 150.0 250.0 54.90 88.30 53.20 86.30
-100.0 54.0 -62.30 -26.00 -62.80 -21.40
-68.0 143.0 -35.70 86.50 -31.00 96.20
- 100.0 54.0 -68.80 -20.50 -67.10 - 16.40
- 100.0 250.0 47.00 98.80 49.10 101.80
-93.0 245,0 19.60 56.00 19.00 55.40
-100.0 250.0 -30,50 29.50 -25.20 29,50
- 100.0 54.0 -67.30 -21.90 -63.50 -23.50
-100.0 250.0 37.00 136.90 43.70 128.50
- 100.0 54.0 -70.40 - 14.30 -66.80 - 16.70
- 100.0 250.0 -52.00 53.60 -48.70 53.50
-93.0 145.0 12.80 56.50 18.70 55.60
-90.0 214.0 -47,80 31.50 -47.50 31.80
- 100.0 54.0 -63,20 -27.80 -64.40 -24.40
-40.0 181.0 23.10 117.10 19,90 109.10
-100.0 250,0 38.70 120.90 45.90 129.60
- 1190.0 54.0 -60,50 -31.60 -62,50 -30.30
- 196.0 225.0 32.20 73.80 31,70 73.30
- 100.0 250.0 59.80 99.70 64,40 93.80
-99.0 150.0 18.60 105.40 26.40 103.50
-56.0 177.0 -8.80 125.130 - 1.90 125.10
- 100.0 250.0 37.70 139.30 46.20 131.90
-100.0 311.0 40.10 108.20 43.30 101.30
-87.0 194.0 18.60 62.40 13.00 56.40
-100.0 54.0 -54.00 -36.80 -55.60 -38.40
- 100.0 250.0 48.40 110.60 50.70 113.10
- 100.0 94.0 -19.90 40.20 - 11,30 47.10
-1130.0 250.0 44.20 129.20 49,60 129.80
-50.0 100.0 -41,80 -13.90 -43.80 -13.60
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Allowable First Year End of Mission
Temperature Limits 4/7/84 - 5/13/85 12/20/88 - 1/12/90
Tmin-°F Tmax-OF Tmin-OF Tmax-OF Train-OF Tmax-°F
-100.0 250.0 72.60 98.40 77.10 91.30
-100.0 54.0 -58.30 -34.30 -55.10 -35.90
-100.0 250.0 43.80 127.30 52.70 124.70
-100.0 1130.0 -10.60 76.00 0.50 88.40
-100.0 250.0 37.20 135.90 46.60 134.40
-69.0 178.0 -49.90 51.30 -45.60 52.70
-100.0 100.0 -103.30 -64.20 -91.20 -63.50
-100.0 250.0 69.80 104.80 70.20 100.00
- 100.0 250.0 58.40 120.10 53.20 116.80
-50.0 150.0 -71.00 81.10 -62.40 111.10
10.0 130.0 41.00 111.70 50.80 118.10
10.0 130.0 48.20 109.70 56.80 115.90
10.0 130.0 58.30 100.10 69.00 102.70
10.0 130.0 61.30 90.20 73.80 86.90
10.0 130.0 54.90 99.40 66.10 96.70
10.0 130.0 44.10 118.70 54.30 114.50
10.0 130.0 43.10 123.90 53.00 118.20
10.0 130.0 45.50 109.80 55.80 105.00
10.0 130.0 53.20 94.00 64.10 90.20
10.0 130.0 56.90 85.10 67.40 83.20
10.0 130.0 54.00 99.50 62.50 100.50
10.0 130.0 45.50 108.70 55.50 113.60
10.0 130.0 52.10 129.80 61.90 138.80
10.0 130.0 54.80 115.30 64.20 123.20
10.0 130.0 70.00 109.60 79.50 114.20
10.0 130.0 74.30 101.00 89.50 100.30
10.0 130.0 60.00 119.90 71.40 119.60
10.0 130.0 55.10 141.30 66.40 139.30
10.0 130.0 52.00 141.50 63.60 138.80
10.0 130.0 51.00 122.60 62.30 120.10
10.0 130.0 58.60 111.00 70.00 109.10
10.0 130.0 72.20 98.00 83.50 95.90
10.0 130.0 63.80 116.30 70.60 120.80
10.0 130.0 58.20 131.90 66.80 140.20
10.0 130.0 57.40 123.80 61.50 121.30
10.0 130.0 52.50 109.30 56.40 107.00
10.0 130.0 66.00 97.50 68.00 90.20
10.0 130.0 73.00 93.40 81.30 87.20
10.0 130.0 54.20 111.40 62.20 107.30
10.0 130.0 45.70 121.00 53.80 119.00
10.0 130.0 42.90 124.40 50.70 121.90
10.0 130.0 44.30 115.70 51.70 109.90
10.0 130.0 59.00 97.20 64.90 89.60
10.0 130.0 72.50 96.30 77.90 85.80
10.0 130.0 67.40 112.10 64.50 105.20
10.0 130.0 62.50 119.70 62.80 115.50
30.0 120.0 52.40 81.10 63.50 82.60
30.0 120.0 55.50 95.90 66.20 99.10
30.0 120.0 60.40 101.60 73.30 100.30
30.0 120.0 57.30 104.10 69.50 102.50
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Allowable First Year End of Mission
Temperature Limits 4/7/84 - 5/13/85 12/20/88 - 1/12/90
Tmin.OF Tmax.°F Tmin-°F Tmax.OF Tmin.°F Tmax.°F
30.0 120.0 56.90 95.00 68.20 98.00
-100.0 300.0 121.90 140.40 134.20 145.30
-100.0 300.0 103.40 172.20 119.50 177.30
-100.0 300.0 117.00 137.90 130.40 140.40
-100.0 300.0 107.60 163.30 116.90 174.20
30.0 115.0 69.90 92.30 80.20 83.80
30.0 115.0 63.80 96.20 71.60 90.60
30.0 115.0 63.60 92.80 74.30 90.50
30.0 115.0 50.60 89.00 59.00 84.90
30.0 115.0 67.40 95.70 72.60 88.40
- 100.0 300.0 85.40 113.30 87.80 103.90
- 100.0 300.0 63.40 116.20 70.30 112.50
-100.0 300.0 80.20 113.40 84.60 1130.00
- 100.0 300.0 88.20 124.40 79.50 112.10
20.0 120.0 49.60 89.00 60.20 89.20
20.0 120.0 51.80 89.90 62.20 85.40
20.0 120.0 49.80 92.10 59.50 86.70
20.0 120.0 50.20 85.70 60.20 84.60
10.0 130.0 41.40 115.60 49.60 120.30
10.0 130.0 52.40 105.20 61.30 110.10
10.0 130.0 58.30 88.70 71.80 89.10
10.0 130.0 59.80 99.50 71.10 95.40
10.0 130.0 50.40 116.20 61.00 113.70
10.0 130.0 44.10 131.20 53.50 122.10
10.0 130.0 44.10 127.90 52.40 117.00
10.0 130.0 49.80 106.90 57.10 96.80
10.0 130.0 57.70 88.50 66.60 82.10
10.0 130.0 57.90 95.60 67.40 93.90
10.0 130.0 49.20 107.40 56.80 107.90
10.0 130.0 37.50 114.60 45.40 115.90
25.0 105.0 57.70 89.20 68.60 86.70
20.0 110.0 53.40 85.70 63.70 81.20
20.0 110.0 53.50 85.40 63.80 80.90
0.0 120.0 52.50 86.10 63.60 85.00
0.0 130.0 49.90 92.70 59.90 87.90
-100.0 150.0 42.00 63.80 51.50 65.60
-100.0 150.0 41.70 66.30 48.00 62.00
10.0 130.0 35.40 106.50 43.40 108.80
10.0 130.0 43.10 100.70 50.90 101.90
10.0 130.0 52.80 86.70 62.40 84.00
10.0 130.0 58.70 83.70 68.80 78.60
10.0 130.0 49.40 97.30 58.00 93.40
10.0 130.0 38.20 111.30 47.50 107.80
10.0 130.0 36.00 118.20 45.20 113.40
10.0 130.0 43.80 107.60 52.40 100.90
10.0 130.0 51.80 91.50 60.30 84.90
10.0 130.0 56.80 83.40 66.20 77.60
10.0 130.0 52.00 95.80 59.20 93.80
10.0 130.0 39.90 102.30 47.130 102.00
2.0 82.0 46.90 61.70 42.70 56.90
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Allowable First Year End of Mission
Temperature Limits 4/7/84 - 5/13/85 12/20/88 - 1/12/90
Tmin-°F Tmax.°F Tmin-°F Tmax-OF Tmin.°F Tmax-°F
-100.0 250.0 61.20 102.90 75.60 102.10
-100.0 91.0 18.90 40.80 25.80 39.20
-100.0 250.0 63.90 101.60 79.10 101.00
- 100.0 250.0 54.60 83.80 66.60 81.80
-100.0 250.0 52.60 79.30 64.20 81.30
-100.0 250.0 53.40 79.90 65.30 81.20
- 100.0 200.0 23.20 33.40 24.10 33.50
-150.0 217.0 39.40 65.70 48.90 68.00
-62.0 147.0 -23.10 30.10 - 16.20 30.00
- 150.0 467.0 82.90 123.80 86.20 123.80
- 100.0 250.0 39.80 94.30 44.90 94.40
-100.0 99.0 3.30 33.80 15.60 31.10
-100.0 250.0 84.10 116.80 97.20 117.30
- 100.0 99.0 8.60 35.10 25.80 32.90
-100.0 200.0 83.70 114.20 92.30 101.60
-44.0 78.0 -54.90 -10.70 -40.40 -10.40
-44.0 78.0 -53.30 -11.20 -42.40 - 11.10
-20.0 130.(I 45.80 134.10 54.80 125.20
-66.0 268.0 24.30 176.40 27.40 194.50
-66.0 268.0 47.20 119.20 58.60 116.20
-150.0 250.0 -43.60 10.50 -42.00 11.40
-100.0 250.0 15.40 119.50 16.50 126.30
-100.0 250.0 43.30 81.30 39.30 79.90
-150.0 262.0 -22.90 83.90 -24.50 95.70
-91.0 249.0 45.90 97.30 47.80 100.30
-150.0 350.0 34.60 84.00 33.20 87.70
-150.0 234.0 -91.00 121.90 -93.80 117.40
-74.0 326.0 15.40 124.70 17.40 127.90
-95.0 241.0 -2.30 132.60 -0.90 136.00
-100.0 250.0 46.90 88.30 52.40 86.20
-20.0 181.0 49.70 78.20 60.00 80.60
-100.0 250.0 31.70 52.20 39.80 53.90
-150.0 467.0 25.30 39.80 31.10 38.40
- 100.0 150.0 24.40 43.30 27.90 40.70
- 100.0 150.0 49.30 72.50 52.90 74.20
-100.0 150.0 54.30 78.80 57.70 79.10
-100.0 150.0 8.30 18.10 9.00 18.00
- 100.0 150.0 19.70 35.30 20.90 35.80
- 100.0 150.0 51.90 74.60 52.60 73.30
-100.0 150.0 8,00 18,00 9,00 18.20
- 100.0 150.0 19.10 35.00 20.80 35.40
-100.0 300.0 78.20 250.50 84.80 269.20
- 100.0 300.0 92.10 204.20 95.00 224.10
-100.0 300.0 138.50 169.70 144.60 177.10
-100.0 300.0 110.30 183.80 126.80 190.90
- 100.0 300.0 71.50 241.60 87.60 248.10
- 100.0 300.0 90.10 254.90 107.30 262.50
-100.0 300.0 70.40 263.60 86.30 270.30
-100.0 300.0 78.60 215.50 90.70 219.60
-100.0 300.0 125.50 168.00 139.40 171.70
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Allowable First Year End of Mission
Temperature Limits 4/7/84 - 5/13/85 12/20/88 - 1/12/90
Tmin.°F Tmax-OF Tmin.°F Tmax-°F Tmin-°F Tmax-°F
-100.0 300.0 120.40 183.70 122.60 187.40
-100.0 300.0 82.20 268.60 87.60 291.90
-100.0 300.0 91.30 220.40 101.80 238.20
- 100.0 300.0 57.80 139.70 56.60 137.80
-100.0 300.0 67.00 119.20 60.30 113.50
-100.0 300.0 87.60 110.60 81.40 100.40
-100.0 300.0 67.10 110.20 72.60 102.40
-100.0 300.0 48.80 136.80 56.30 132.40
-100.0 300.0 49.30 144.00 55.80 140.00
-100.0 300.0 44.50 146.70 51.60 141.60
- 100.0 300.0 52.70 120.10 56.10 110.20
-100.0 300.0 75.40 109.30 77.90 95.50
- 100.0 300.0 79.90 112.80 70.50 99.10
-100.0 300.0 66.00 136.90 58.00 132.20
- 100.0 300.0 69.10 142.40 63.80 136.70
30.0 120.0 53.00 97.40 66.80 101.40
30.0 120.0 59.50 99.30 69.70 96.30
30.0 120.0 57.40 100.90 65.80 96.60
30.0 120.0 56.30 96.80 68.80 98.50
30.0 120.0 55.70 96.50 66.80 95.40
30.0 120.0 57.30 91.90 67.70 88.70
30.0 120.0 53.80 94.50 62.60 90.00
30.0 120.0 58.50 93.50 68.40 89.60
10.0 130.0 38.70 135.80 49.10 128.80
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(NODAL MODEL = ACTUAL CONFIGURATION)
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BETA ANGLE= _) Angle between the plane of the orbit and the sun illumination vector.
SOLAR INCIDENT-- (BTU/Hr-F() Heat due to direct illumination from the sun.
ALBEDO- (BTU/Hr-F/') Heat due to the portion of the solar incident energy
reflected from the planet into the LDEF.
PLANETARY= (BTU/Hr-Ft_) Heat due to energy emitted from the planet.
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